The decline of socio-ecological resilience has emerged as an unprecedented truth with high risks to local and global economies, thereby increasing the vulnerability of businesses and markets while potentially threatening the wellbeing of civil society as a whole. From a business perspective, corporate strategies towards sustainability are crucial to strengthen the social and economic foundations that foster sustainable development. In order to assist enterprises pursuing leading market positions, this work proposes a set of strategic actions towards sustainability and an evaluation scheme to assess the effectiveness of their implementation process. This proposed global strategy encompasses five key sustainability indices-commitment, investment, difficulty, proactivity and vulnerability-focusing the investigation on a sample of enterprises representing the highest consumers of electricity in the state of Rio de Janeiro, Brazil. Addressing the energy consumption, this study also discusses the concerning level of GHG emissions that are associated with the generation of electricity. Although 85% of the enterprises participating in this survey recognized the relevance of the actions proposed, the current degree of proactivity and vulnerability associated with these enterprises indicate that very few of them have effectively implemented and invested in corporate sustainability programs, certainly a symptom of their institutional vulnerability.
Introduction
The global challenge of sustainability can be understood as the pursuit of a civilizing project that strikes a balance between development meeting human rights and the maintenance of the Earth's systems in a hospitable and resilient state [1] [2] [3] [4] [5] .
The decline of socio-ecological resilience has emerged as an unprecedented truth exhibiting high risks to local and global economies, thereby increasing the vulnerability of businesses and markets and potentially threatening the wellbeing of civil society in all nations [6] [7] [8] . It will cause structural transformations and disrupt the favorable civilizing conditions with impacts on natural resources and ecosystem services, livelihoods and homes, communication, trade, urban and general infrastructure and social conflicts [7] [8] [9] .
Rockström et al. [1] presents a framework to identify planetary boundaries and to quantify biophysical thresholds of the Earth's systems that must not be transgressed in order to prevent human activities from causing unacceptable environmental change (i.e., climate change; stratospheric ozone depletion; rate of biodiversity loss; change in land use; global freshwater use; ocean acidification; nitrogen and phosphorus cycles; atmospheric aerosol loading; and chemical pollution). More recent studies indicate that anthropogenic pressures on Earth's systems have already reached a scale where abrupt global environmental change can no longer be excluded [7, 8, 10, 11] . Although the planetary boundaries are described in terms of separate quantities and processes, their biophysical thresholds are tightly connected. As stated by Steffen et al. [8] , transgressing one or more planetary boundaries means transgressing the limits of a safe operating space for human civilization, which could prove deleterious or even catastrophic.
In particular, risks and threats posed by the global phenomenon of climate change present a challenging opportunity for governments and enterprises to reshape their growth strategies and redefine their current values, concepts and operations [12] [13] [14] . Between 1750 and 2011, cumulative anthropogenic GHG emissions reached the level of 2040 ± 310 Gt CO 2eq (gigatons of carbon dioxide equivalent) [10] . About 40% of these emissions (880 ± 35 Gt CO 2 ) have remained in the atmosphere. Energy production and consumption is the largest source of GHG emissions worldwide, accounting for 71% of the overall emissions [10] .
The pursuit to achieve sustainable development requires the construction of an amalgam of knowledge, strategies and proactive attitudes capable of understanding and addressing the intrinsically complex sense of a just and safe space for human society on Earth [2, 8, 15] . A true integrated effort to cope with the new era posed by sustainability challenges must be built from coordinated and international collaboration among all actors in developing and developed economies [5, 13] . From a business perspective, enterprises must seek innovative and transformative actions and solutions to overcome challenges posed by sustainability, demonstrating leadership and diplomacy in dealing with such a sensitive and threatening matter [16] [17] [18] . Enterprises engaged in sustainability must pursue a long-term agenda, where sustainable economic outcomes, the reduction of impacts on the Earth's systems, restrictions of GHG emissions and the strengthening of their relationship with society must be understood as essential compensations for future generations and for the planet as a whole [2, 19, 20] . Corporate sustainability actions are essential to provide the social and economic foundations that foster sustainable development within civil society. As such, they must be integrated into and harmonized within the strategic agenda of the enterprise [21] [22] [23] [24] .
To ensure the effectiveness of the execution of sustainability actions, there is a distinct need to clarify and quantify any existing opportunities and barriers. As such, an evaluation framework that aids in this is critical to lay the foundation to achieve sustainability targets and goals. This study aims to analyze the proactive attitude towards sustainability, as well as the vulnerability (lack of adherence to the sustainable development precepts) of enterprises responsible for a high consumption of electricity. In pursuing these goals, this work also proposes: a set of strategic actions to foster sustainability within the enterprises' institutional environment and an evaluation scheme to assess the implementation process of the actions proposed (including the five sustainability indices to measure the associated degrees of commitment, difficulty, investment, proactivity and vulnerability).
Corporate Strategies towards Sustainability
The planetary boundaries framework substantiates the idea that a delimited safe space for human development exists and underlines the groundwork for governance, management and operations [2, 8] . At the institutional level, this approach challenges policy makers and managers to adequately act in the face of an unknown and unpredictable future reality. In this context, leaders and directors must have the perspicacity to scientifically understand the complexity associated with the challenges of reaching global sustainability, preventing against and adapting to the detrimental effects [12, 22, 23] . They must value the benefits of unconventional business models by adopting innovative and transformative actions and solutions for growth and development [25, 26] .
Furthermore, it is expected that enterprises plan and implement a set of integrated adaptation and mitigation strategies and actions towards sustainability [24, [26] [27] [28] . The decision-making process must evaluate the costs and potential benefits of sustainability actions to be held at the local, regional and national levels using innovative approaches [20, 29] . Metrics and scientific indices that contribute to the measurement of the different aspects of sustainable development while providing guidance in the decision-making process are also necessary [14, 30] . The availability of technologies and the fair and equitable burden-sharing arrangements should be optimized so as to provide rapid and effective responses. However, managers must not simply pick a single bias and particular policy to address sustainability issues. Corporate strategies towards sustainability should emerge from a fundamental change within the organizational systems, addressing core beliefs and values of the relationship between the enterprise, the market and the natural environment; reaching deep into the institutional domains of the organization [26] .
The progress of a worldwide agreement towards sustainability has compelled enterprises to incorporate strategies towards sustainability into their agendas and institutional policies [12, 14, 19] . Many authors have studied and discussed sustainability strategies within the business environment, particularly key topics related to: "climate change strategy" [31] ; "climate strategy" [32] ; "corporate environmentalism" [25] ; "corporate strategies" [25] ; "carbon strategies" [33] ; "business strategy on climate change" [34] ); "the business response to climate change" [21] ; "the corporate CO 2 strategy" [22] ; "corporate carbon strategy" [23] ; "climate change and sustainability strategies" [20] . These thematic strategies include the reduction of GHG emissions; the re-evaluation of values, principles, policies and management models; the development of new products towards the expansion of an ethical culture of services, markets and consumption; the adoption of new modes of productivity, competitiveness and relationships; the diagnosis of risks, barriers and emerging opportunities; the establishment of financial and governmental incentives towards sustainability; the formulation of conscious norms and policies; and the anticipation and adaptation to new realities to enable the future use of preventative and control measures.
The trajectory of sustainability is long and turbulent. It requires proactive attitudes from leaders and communities, innovative solutions and commitment to the pursuit of a common ideal of respect for nature as a whole. The resilience of the Earth's systems and the global and local economies depend on human decision-making processes and on the implementation of strategic sustainability actions for the future. In this context, corporate sustainability strategies are understood as an integrated set of values, principles, targets and actions, which are, directly and indirectly, associated with the anthropogenic emissions of GHGs and the other biophysical planetary boundaries of the Earth. These strategies must reflect the institutional priorities and be incorporated into the enterprises' business plan wherever the transition to a low-carbon economy constitutes an essential societal goal.
Methods
As discussed in previous work [20] , Brazilian enterprises exhibiting high electricity consumption reveal low commitment to internationally agreed-upon sustainable development precepts, recommendations and best practices, in particular GHG emissions restrictions. These findings inspired the development of this follow-up survey and in-depth analysis, motivating the understanding of a proactive attitude and vulnerability associated with the lack of managing the challenges and trends posed by sustainability. A follow-up to the prior study, this investigation focuses on a specific group of corporate customers of an electricity utility in Brazil, "Light Serviços de Eletricidade S/A", the main supplier of electrical energy to 4.1 million consumers in 31 municipalities in the state of Rio de Janeiro, classified by the Brazilian regulatory agency [35] as major consumers of electricity. High-consuming customers of electricity power companies are designated by the Brazilian regulating agency. The Brazilian Regulator (Resolution ANEEL 414: 2010) classifies the electrical energy consumption units into three categories: (i) blue hourly rate: 69 kW; (ii) green or blue hourly rate: Less than 69 kW with a demand higher than or equal to 300 kW; and (iii) blue or green hourly rate: Less than 69 kW with a demand higher than 300 kW.
Of the 86 enterprises participating in the previous survey [20] , 40 agreed to participate in this study, constituting the research sample of this in-depth survey. The sample selection considers the following filtering criteria: (i) high-consumers of electricity [35] ; (ii) availability to participate in this survey; and (iii) participation through an internal manager knowledgeable in sustainability-related matters. Devoted to this second-round of the survey, participants demonstrated full commitment to the in-depth analysis, as 100% of them agreed to respond to the comprehensive questionnaire, helping surveyors clarify subjective issues related to barriers to sustainability and difficulties faced by enterprises in effectively implementing corporate strategies towards sustainability. Considering that the participating enterprises represent high consumers of electricity, the study also assesses the GHG emissions that result from electricity generation.
The sample of enterprises studied covers the following economic sectors, defined according to the taxonomy adopted by the Brazilian Institute of Geography and Statistics (IBGE): manufacturing industry (mining companies, construction companies and factories); commerce (supermarket chains, shopping centers, gas stations and service providers); public organizations (government agencies, banks, hospitals, non-governmental organizations and transportation companies); education and research (higher education institutions, centers of research); and enterprises active in tourism, entertainment and culture.
Aiming to create consciousness within the institutional environment of the enterprise, the proposed approach, the implementation of a set of strategic sustainability actions and an evaluation scheme, was carefully designed to meet the needs and calls to action from prominent international publications related to sustainable development. In this context, recommendations from international organizations active in sustainability and related matters, international best practices and applicable guidelines were identified in the literature and processed to cast the actions proposed and to substantiate this study as a whole.
To ensure the efficacy of the survey, a questionnaire was constructed and tested by a small representative sample of selected entities prior to release. After its validation, the questionnaire was submitted to the participating enterprises. Using their responses, the institutional proactivity and the vulnerability of the participating enterprises was assessed. The questionnaire was organized into four parts addressing the 22 strategic actions proposed, pertaining to three institutional domains of the enterprise's environment (governance; planning and implementation; monitoring and reporting). The first part of the questionnaire includes 6 questions addressing the status of the enterprise's implementation of sustainability actions proposed or the intention to implement them in the short, medium or long term. The second part comprises 5 questions allowing the assessment of the degree of relevance attributed by enterprises to each of the 22 sustainability actions incorporated in the questionnaire. The third part includes 6 questions enabling the assessment of the level of financial investments (measured as a % of the annual net operating revenue) planned by the participating enterprises towards the implementation of corporate sustainability activities. The fourth part encompasses 16 questions designed to identify the degree of difficulty faced by the participating enterprise throughout the implementation process of the proposed sustainability actions. To enrich the analysis, difficulties faced throughout the implementation of the proposed actions were structured in four dimensions: technical, social and cultural, financial and political and legal. To preserve the individual confidentiality of the participating enterprises, no isolated results are reported; only aggregated answers are conveyed.
Results and Discussion
As discussed above, the conception of a set of strategic sustainability actions to reflect the state-of-the-art in sustainability principles and practices constitutes the foundation of this work. Tributes, however, are accredited to the prominent publications, international recommendations and guidelines, which judiciously reflect the current consensus on the most fundamental precepts of sustainable development. The following section discusses the 22 strategic sustainability actions conceived of and presents the evaluation scheme proposed to assess their implementation process. It also describes a set of key sustainability indices conceived of to attribute a grade of proactivity and vulnerability to scale, respectively, different stages of the enterprise in its process of implementing or not implementing the proposed actions. To complete the analysis, the exceedingly high GHG emissions that result from the conventional generation of the electricity consumed by the participating enterprises is also evaluated.
Sustainability Actions
In light of scientific studies, international recommendations and guidelines on best practices towards sustainability, Table 1 describes the 22 strategic actions proposed, which substantiated the construction of the questionnaire administered to the participating enterprises. The actions proposed are associated with different domains of the institutional environment (IE): actions 1-8 refer to the institutional governance; 9-18 to the planning and implementation process of the sustainability actions; while 19-22 acknowledge the monitoring and reporting aspects of the overall process of meeting the criteria of sustainability.
Adherence to Sustainability: Findings Revealed by the Questionnaire
This section presents the results of the questionnaire submitted to the participating enterprises. The 22 sustainability actions (labeled A1-A22) address the three institutional domains of the managerial environment of an enterprise: governance; planning and implementation; monitoring and reporting. Each answer that emerged from the questionnaire was properly scored according to pre-defined criteria. As documented in Tables 2-4 , the questionnaire captured four types of information: (i) the status of the implementation of the sustainability actions; (ii) the degree of relevance attributed by enterprises for each sustainability action considered; (iii) the investments in sustainability accomplished or planned by the enterprise; and (iv) the difficulty faced throughout the process of implementing the sustainability actions. These outputs of the questionnaire are discussed in the next three sub-sections.
Commitment to Sustainability
For each domain of the institutional environment, Table 2 , below, summarizes the status of the implementation process; i.e., sustainability actions effectively implemented or envisioned to be implement in the short (two years), medium (2-6 years) or long term (more than six years). As shown, the following six value scale criteria were adopted: Score 1 (action effectively implemented); Score 0.75 (intention to implement in the short term); Score 0.5 (intention to implement in the middle term); Score 0.25 (intention to implement in the long term); and Score 0 (no intention to implement or no opinion). Table 3 assesses the degree of relevance attributed by enterprises for each of the 22 strategic sustainability actions incorporated into the questionnaire. Similarly, a four-value scale criterion was used; i.e., Score 1 (high degree of relevance assigned); Score 0.50 (medium degree of relevance); Score 0.25 (low degree); and Score 0 (not considered relevant or no opinion). The concept associated with commitment to sustainability reflects not only the confirmed adherence to international recommendations and best practices in sustainability (results presented in the previous study [20] ), but also the effectiveness of the enterprise in implementing (or the intention to implement) sustainability actions. 
Planning and Implementation

9
Establish GHG reduction and offset targets as part of the corporate enterprise's primary strategy. [7, 18, 25, 26, 33] 10 Establish the rationalization of the consumption of material supplies and energy resources. [12, 46, 47] 11 Implement best practices aimed at reducing pollution and environmental impacts resulting from overall activities performed by the enterprise. [8, 42, 44, 46] 12 Provide an institutional working environment towards energy efficiency and the mitigation of environmental impacts. [46, 48, 49] 13 Implement a systematic benchmarking analysis to define actions, risks and market opportunities to guide the enterprise towards sustainability. [27] [28] [29] 
14
Incorporate sustainability into the institutional image of the enterprise as a strategy to disseminate the concept within the institutional environment and to differentiate its position in the market. [19, 24, 50] 15 Perform SWOT analysis (strengths, weaknesses, opportunities and threats) to assess the enterprise's internal status on matters related to the physical, regulatory and socioeconomic impacts of climate change. [25, 29, 39] 16 Identify opportunities to create new, innovative business ventures that respond to the demands posed by sustainability. [16, 17, 34] 
17
Promote the training and qualification of human resources aligned with the issues and challenges of sustainability. [19, 36, 51, 52] 18 Implement a system of green procurement and promote conscientious consumption. [17, 46, 53] 
Monitoring and Reporting 19
Monitor material and energy flows throughout the life cycle and supply chain. [30, 38, 46, 48] 20 Prepare, publish and disseminate an annual sustainability report and GHG emissions report. [19, 30, 48] 
21
Evaluate the social, cultural, economic and environmental impacts resulting from the activities developed by the enterprise. [14, 30, 38, 54] 
22
Diagnose the motivation and wellbeing of the employees and carry out stakeholder and shareholder satisfaction analysis based on the actions performed. [20, 36, 38] Table 4 reports the results of the assessment considering the level of financial investments accomplished or planned to be accomplished by the participating enterprises. The financial investment (labeled in) is expressed as a percent of the annual financial performance (annual net operating revenue) accomplished by the enterprise. The treatment of the data captured through the questionnaire considers the following three investment periods: short-(two years), medium-(2-6 years) and long-term (more than six years). The analysis considered a five-value scale, i.e., Score 1 (inv > 5%); score 0.75 (1% < inv ≤ 5%); Score 0.50 (0.5% < inv ≤ 1%); Score 0.25 (0% < inv ≤ 0.5%); Score 0 (inv = 0, or not reported). Table 5 summarizes the results of the assessment of the degree of difficulty faced by the respondent enterprises throughout the implementation process of the actions proposed. The treatment of the data captured by the questionnaire considered four possible dimensions of difficulty (technical, social and cultural, financial, political and legal). The participants of the survey attributed a grade to each difficulty they faced throughout the implementation of the sustainability actions. The answers given to the questions posed by the questionnaire were processed based on the following three-value scale criterion: Score 1 (no opinion or high degree of difficulty); Score 0.50 (moderate degree); Score 0 (low degree). 
Measuring Allegiance to Sustainability Related Matters
This section presents an evaluation scheme to assess the degree of proactivity and vulnerability of the enterprises associated with the implementation process of the proposed sustainability actions. Three indices are proposed to measure the degree of commitment, investment and technical and financial difficulty faced by the enterprises throughout this process. A fourth and a fifth index are conceived of to allow for the assessment of the overall institutional proactivity and vulnerability faced by the respondent enterprises when called to overcome challenges and risks related to sustainability matters. Figure 1 depicts the structure of the evaluation scheme proposed, which acknowledges the three domains of the institutional environment (governance, planning and implementation, monitoring and reporting).
This section presents an evaluation scheme to assess the degree of proactivity and vulnerability of the enterprises associated with the implementation process of the proposed sustainability actions. Three indices are proposed to measure the degree of commitment, investment and technical and financial difficulty faced by the enterprises throughout this process. A fourth and a fifth index are conceived of to allow for the assessment of the overall institutional proactivity and vulnerability faced by the respondent enterprises when called to overcome challenges and risks related to sustainability matters. Figure 1 depicts the structure of the evaluation scheme proposed, which acknowledges the three domains of the institutional environment (governance, planning and implementation, monitoring and reporting). This evaluation scheme measures proactivity towards sustainability and exposure to vulnerability based on three linked indices: the commitment index, the investment index and the difficulty index, each discussed below.
Commitment Index
The Commitment Index (IC), defined in Equation (1), accounts for the outputs of the questionnaire associated with the first two aspects summarized in Tables 2 and 3; i.e., the actual status of the implementation process of sustainability actions and the degree of relevance attributed to each action proposed. The IC was conceived of to measure the degree of commitment of the respondent enterprises throughout the implementation process of the sustainability actions proposed. The IC is then calculated by summing the individual scores attributed to each answer given by the respondents of the questionnaire, for each one of the three managerial domains of the institutional environment (governance, planning and implementation, monitoring and reporting) considered in the analysis. 
Investment Index
The Investment Index (IN), defined in Equation (2), accounts for investments in sustainability activities performed (Table 4) . It was conceived of to account for financial investments planned by the participating enterprises towards the implementation of corporate sustainability activities. The IN is calculated by summing the individual contribution of the scores attributed in each answer This evaluation scheme measures proactivity towards sustainability and exposure to vulnerability based on three linked indices: the commitment index, the investment index and the difficulty index, each discussed below.
Commitment Index
The Commitment Index (IC), defined in Equation (1), accounts for the outputs of the questionnaire associated with the first two aspects summarized in Tables 2 and 3; i.e., the actual status of the implementation process of sustainability actions and the degree of relevance attributed to each action proposed. The IC was conceived of to measure the degree of commitment of the respondent enterprises throughout the implementation process of the sustainability actions proposed. The IC is then calculated by summing the individual scores attributed to each answer given by the respondents of the questionnaire, for each one of the three managerial domains of the institutional environment (governance, planning and implementation, monitoring and reporting) considered in the analysis.
Investment Index
The Investment Index (IN), defined in Equation (2), accounts for investments in sustainability activities performed (Table 4) . It was conceived of to account for financial investments planned by the participating enterprises towards the implementation of corporate sustainability activities. The IN is calculated by summing the individual contribution of the scores attributed in each answer declared by the respondents, taking into account all three investment periods considered (short, medium and long term) in the analysis.
Difficulty Index
The Difficulty Index (ID), defined in Equation (3), processes the outputs of the questionnaire (Table 5 ) to measure the degree of difficulty faced by the enterprises throughout the implementation process of the actions proposed. The ID is then calculated by summing the individual contribution of the scores attributed in each answer declared by the respondents, taking into account all four dimensions of difficulty (technical; social and cultural; financial; and political and legal).
In Equation (1), the parameter T (T = 11) represents the number of questions posed by the questionnaire to address the first two analyses discussed above in Section 4.2.1. Parameters M, M and M denote the total number of responses required to obtain the maximum score for each domain of the institutional environment considered (for the present study: M = 6; M = 7; M = 3). The variable A denotes the score attributed to each answer associated with the status of the implementation of the actions proposed, and denotes the score attributed to each answer associated with the degree of relevance attributed by enterprises for each action.
In Equation (2), the summation operators are applied to the arguments S, M and L, which denote financial investments planned by the participating enterprises towards the implementation of corporate sustainability activities in the short, middle and long term (Table 3) , as discussed in Section 4.2.2. Index ρ counts the scores for each range of the financial investment (annual net operating revenue) accomplished by the enterprise. The result of each summation is normalized with the parameters T, T and T", denoting the total number of responses obtained in each length of the investment periods.
In Equation (3), the parameter Q denotes the number of questions discussed in Section 4.2.3. In the present study, Q = 16 accounted for the four possible answers displayed in the questionnaire (high; moderate; low degree of difficulty; and no opinion) and for each of the four dimension of difficulty (technical, TE; social and cultural, SC; financial, FI and political and legal, PL). R is a normalized parameter to limit the result of each summation (in this study, R = 22 denotes the total sustainability actions proposed).
In the equations above, N is the total number of enterprises participating in the survey. The absence of apostrophe, a single apostrophe (symbol ) and a double apostrophe (symbol ") are associated with variables used to identify the domain of the institutional environment referred in the analysis; i.e., governance, planning and implementation and monitoring and reporting. The Greek letters α (1 to N) , β, γ, δ, µ are indices of the summation operator, in which β (1 to 8) refers to sustainability actions in governance, β (9 to 18) to actions in planning and implementation and β (19 to 22) to actions in monitoring and reporting. Indices IC, IN and ID vary from a minimum value of zero to a maximum value of one, featuring the situation associated with a maximum degree of commitment, investment and difficulty.
Estimating Institutional Proactivity
The degree of institutional proactivity is measured by a combination of both the Commitment Index (IC) and the Investment Index (IN), yielding the Institutional Proactivity Index (IP), given in Equation (4) . Notice that this equation accounts for the fact that with a higher degree of difficulty comes a lower degree of effectiveness of implementation of the actions proposed. This index affords clarification of the proactive attitude of the organizations towards the challenges posed by sustainability. IP varies from a minimum value of zero (minimum degree of institutional proactivity) to a maximum value of one (maximum degree of institutional proactivity).
Estimating the Degree of Vulnerability
The degree of institutional vulnerability is measured by a combination of the above three indices, yielding the Institutional Vulnerability Index (VI), given in Equation (5). This equation accounts for the fact that a higher degree of difficulty implies a higher institutional vulnerability for enterprises that do not properly cope with the challenges and demands posed by sustainability. Furthermore, the higher the degree of commitment and investment, the higher the effectiveness of the process associated with the implementation of the actions proposed.
The index VI varies from a minimum (negative) value of −1 (minimum degree of institutional vulnerability) to a maximum (positive) value of one (maximum degree of institutional vulnerability). Note that VI = 0 indicates a balance between the degree of difficulty faced by the organization in the implementation process of the proposed actions and the degree of commitment and investments realized. The −1 < V I ≤ 0 range suggests a proactive attitude by the enterprises participating in the survey towards sustainability. The 0 < V I ≤ 1 range signifies a substantial degree of vulnerability.
The equations above can be applied either to a single enterprise (N = 1) or to multiple enterprises belonging to a specific economic sector or to all enterprises participating in the survey.
Survey Findings: Statistical Analysis
This section presents the statistical analyses performed after the application of a "best fit" analysis to a probability distribution curve (as summarized in Figures 2-4 ; real data: dark gray color; beta distribution: light gray color). The beta distribution curve was identified as the curve of probability yielding the greatest adherence to the survey data; the chi-square hypothesis test (x 2 ) performed at a confidence level of 99% (significance level of 1%) confirms that the actual data exhibits a beta distribution curve. This distribution enables the definition of distinct groupings in terms of the corresponding percentiles (25%, 50%, 75% and 100%) of the sample The proposed metrics, given in Equations (1)- (3), were used as a reference to calculate the degrees of commitment, investment and difficulty for the entire sample (N = 40) based on the questionnaire output data (Tables 2-5 
Allegiance to Sustainability and Accounting for GHG Emissions
This section presents an overall analysis of the proposed indices, whose calculation was fragmented by economic sector, i.e., "manufacturing industry", "commerce", "public organizations", "education and research" and "tourism, entertainment and culture". The aggregated results of this analysis are shown in Table 6 , which summarizes all of the specificities for the different economic sectors. Based on this analysis, the total GHG emissions associated with the generation of the electrical energy consumed was calculated and reported pictorially. * Emissions volumes are given in GHG emission equivalents, which are derived from the generation of the energy consumed from January 2015-December 2015; calculated based on a conversion factor (annual average) of 0.1422 t CO2eq/MWh. Source: Brazilian Ministry of Science, Technology and Innovation: [55] . Figure 6 depicts the proactivity and vulnerability indices related to the same GHG emissions. In these pictorial representations, the volumes of the spheres (one for each economic sector) are proportional to the level of GHG emissions. Lighter areas (leftmost position) indicate the worst scenarios of the enterprises' commitment and institutional proactivity in the implementation of the sustainability actions proposed. 
This section presents an overall analysis of the proposed indices, whose calculation was fragmented by economic sector, i.e., "manufacturing industry", "commerce", "public organizations", "education and research" and "tourism, entertainment and culture". The aggregated results of this analysis are shown in Table 6 , which summarizes all of the specificities for the different economic sectors. Based on this analysis, the total GHG emissions associated with the generation of the electrical energy consumed was calculated and reported pictorially. The study revealed that public organizations are considered to be the largest emitters of GHG (9509 t CO2eq by sector, 17.5% of the total emission of the entire sample), exhibiting the highest degree of institutional proactivity ( = 0.42) and the lowest degree of institutional vulnerability ( = 0.65). Education and research institutions were shown to be the smallest emitters of GHG (405 t CO2eq by sector), exhibiting the smallest degree of institutional proactivity ( = 0.09) and the highest degree of institutional vulnerability ( = 1.0). While commerce enterprises can be associated with a low degree of institutional proactivity and a very high degree of vulnerability, the manufacturing industry and tourism, entertainment and culture enterprises exhibited a moderate degree of institutional proactivity and a very high degree of vulnerability.
Although around 85% of the enterprises participating in this survey attributed relevance to the strategic actions prioritized, their current degree of proactivity and level of intent to implement these actions suggests a lack of the production of short-term results. The degree of proactivity was ranked "low" and the degree of vulnerability ranked "very high", indicating that there are very few enterprises that have effectively implemented and invested in corporate programs and activities towards sustainability; a result that suggests a substantial level of vulnerability. This should be perceived as a matter of concern as it indicates little or no effect on the overall reduction of GHG emissions.
Especially, the results regarding Actions 9-12, 19 and 20 indicate a low level of carbon management activities, suggesting that enterprises are neither aligned with the Brazilian Climate Change Policy [48] nor with the global effort to reduce GHG emissions [13, 38] . It calls attention to an immediate necessity to implement actions and policies towards the reduction of GHG emissions The study revealed that public organizations are considered to be the largest emitters of GHG (9509 t CO2eq by sector, 17.5% of the total emission of the entire sample), exhibiting the highest degree of institutional proactivity ( = 0.42) and the lowest degree of institutional vulnerability ( = 0.65). Education and research institutions were shown to be the smallest emitters of GHG (405 t CO2eq by sector), exhibiting the smallest degree of institutional proactivity ( = 0.09) and the highest degree of institutional vulnerability ( = 1.0). While commerce enterprises can be associated with a low degree of institutional proactivity and a very high degree of vulnerability, the manufacturing industry and tourism, entertainment and culture enterprises exhibited a moderate degree of institutional proactivity and a very high degree of vulnerability.
Especially, the results regarding Actions 9-12, 19 and 20 indicate a low level of carbon management activities, suggesting that enterprises are neither aligned with the Brazilian Climate Change Policy [48] nor with the global effort to reduce GHG emissions [13, 38] . It calls attention to an immediate necessity to implement actions and policies towards the reduction of GHG emissions The study revealed that public organizations are considered to be the largest emitters of GHG (9509 t CO 2eq by sector, 17.5% of the total emission of the entire sample), exhibiting the highest degree of institutional proactivity (IP = 0.42) and the lowest degree of institutional vulnerability (V I = 0.65). Education and research institutions were shown to be the smallest emitters of GHG (405 t CO 2eq by sector), exhibiting the smallest degree of institutional proactivity (IP = 0.09) and the highest degree of institutional vulnerability (V I = 1.0). While commerce enterprises can be associated with a low degree of institutional proactivity and a very high degree of vulnerability, the manufacturing industry and tourism, entertainment and culture enterprises exhibited a moderate degree of institutional proactivity and a very high degree of vulnerability.
Especially, the results regarding Actions 9-12, 19 and 20 indicate a low level of carbon management activities, suggesting that enterprises are neither aligned with the Brazilian Climate Change Policy [48] nor with the global effort to reduce GHG emissions [13, 38] . It calls attention to an immediate necessity to implement actions and policies towards the reduction of GHG emissions within a Brazilian national context [20, 48] . Policymakers should engage enterprises by implementing carbon policy measures and climate change adaptation and mitigation strategies [14, 23, 28] .
Additionally, the implementation of actions towards the reduction of GHG emissions must not be understood only in a restricted environmental perspective, but also as a holistic indicator of the managers' excellence and the enterprise's strength [26, 44] . Anticipating the impacts of climate change and succeeding in efficiently reducing GHG emissions should be viewed as an indicator of the enterprise's performance and alignment with the precepts of sustainable development [12, 18, 19, 44] . The effectiveness in implementing sustainability actions does not depends exclusively on traditional competitiveness rules, but also on the knowledge and clear decisions of managers to pursue a sustainable approach. To address issues of climate change, enterprises must innovate their organizational systems, and managers must change their way of thinking, so as to understand global warming not only as an isolated "scientific fact", but as an interconnected "social-economic fact" [2, 26] .
Regardless of the tête-à-tête communication established with the respondents, it is worthy to note the relatively high levels of "not reported"/"no opinion" expressed by the respondents of the questionnaire. In some cases, the average of "not reported" responses reaches up to 29% (in the questions regarding investments in sustainability activities; see Table 3 ), and the average of "no opinion" responses reaches 60% in the assessment of the degree of difficulty faced by the respondent enterprises throughout the implementation process of the actions proposed (see Table 5 ). Given the agreement to participate in the survey, one might expect the enterprises' responses to demonstrate a higher level of understanding of sustainable development issues within the business environment. It seems fair to conjecture that even the monitoring of sustainability actions appears to be neglected among these companies, consequently reducing the information available to managers, thus providing new insights to question the dearth of attitudes and efforts related to corporate sustainability.
The capacity of an enterprise to predict social and economic pressures and trends fosters competitive advantages and an ability to obtain direct and indirect gains from the reduction of GHG emissions [14, 15, 38] . Potential risks and opportunities must be identified by enterprises in order to induce a deep comprehension of current and future GHG emissions in the context of a society and economy that is constrained by current and future carbon restrictions [20, 29] . The adoption of a proactive attitude towards sustainability supposes implementing actions intended to cause structural changes, improve the benefits expected and reduce some financial risks. Furthermore, by contributing to the effective implementation of sustainability actions, particularly to the reduction of GHG emissions, enterprises become part of the "solution" to climate change instead of simply being part of the "problem".
Concluding Remarks
The set of strategic sustainability actions proposed can be considered robust as it synthesizes global concepts, recommendations and guidelines endorsed by key international sustainable development organizations and thoroughly discussed in worldwide publications related to sustainability. The evaluation scheme, centered on five sustainability indices, was successfully applied to a sample of enterprises to assess the effectiveness of the implementation process of the actions proposed. This approach achieves the objective of analyzing the proactive attitude towards sustainability, as well as the vulnerability (lack of adherence to the sustainable development precepts) of enterprises responsible for a high consumption of electricity.
The flexibility and adaptability of this set of actions and evaluation scheme provides a scalable solution, which qualifies its application to other situations. However, given the dynamic nature inherently associated with the dictums of sustainable development, the approach proposed is limited to the constraints of the basic assumptions considered. Although the approach is robust, it is highly sensitive to the content of the sustainability actions proposed. The evaluation scheme supports changes and the expansion of the actions formulated, as the indices proposed will assume different values accordingly, which imposes no difficulty to assess and compare degrees of vulnerability and proactivity. Furthermore, one should bear in mind that the intricacy that is inherent to the concepts associated with sustainability actions does not lead to a straightforward definition of the concepts as occurs with any physical quantity defined based on the fundamental laws of nature.
Despite the fact that the large majority (85%) of enterprises participating in this survey recognize the relevance associated with the sustainability actions proposed, the measurement of their degree of commitment, difficulty and investment leads to very discouraging results. Consistently, institutional proactivity produced a low score and institutional vulnerability a very high score. Indeed, this is a clear sign that these enterprises are not yet prepared to overcome the challenges and trends imposed by a strategic sustainable development agenda. These results also highlight the barriers to developing successful corporate sustainability strategies, including the lack of commitment, current investment, specialized knowledge, development and clarification of policies aiming at the reduction of GHG emissions. The concept of implementing strategic actions towards sustainability is an unfamiliar challenge to most enterprises, which presents difficult choices for managers and decision-makers about what type of actions should be taken. These unfavorable results suggest a high necessity to create favorable conditions and policies that enable the development of strategic sustainability actions within the business environment, including the strategic planning and management philosophy of the enterprise.
Considering that trends in cooperate sustainability are characterized by governmental structures and by the economic load and incentives arising from applicable regulations, it seems fair to conjecture that there is a high necessity to create favorable conditions and policies to foster corporate sustainability. Complementarily, enterprises must engage stakeholders, acting as leading catalysts of transformation, thereby fostering an era of sustainable competitiveness. Stakeholder engagement is a critical, yet often overlooked aspect of many enterprises' sustainability efforts. It is up to all stakeholders to encourage a bottom-up and top-down approach in the implementation process of sustainability actions.
In the future, emergent markets and innovative solutions will be rooted in strong values and commitment to sustainability. By embracing a proactive attitude towards sustainability, enterprises benefit from the implementation of strategic actions and prevent these same actions from becoming insurmountable barriers to access new markets.
